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By Bennie W, Cocke, Jr.
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SUMMARY

In. con,UdﬂtiOﬁ with a gencral ;nvcntlaatlon of aerodynamic
forces on cockpit enclosures, surface static pressures have been
measured over both the outor and inner surfaces of the conventional
single sliding canopy, conventional front and rear sliding canopies,
and the bubble-~type canopy which are typified by the installations
on the Gruman FEF-3, Curtiss SB2C-4B, and Grumman F8F-1 airplanes,

respectively. Thils report presculs a preliminary analysis of data
ovtained for the bubble-~type canopuy. Plots are presented that show
the distrivution of proseure at six leteral scctions through the
canopy for « range of conditiong selected to determine the effects

Of varying canopy position, yaw, power, and lift ccefficient. The

regults Indlcate that the net aercdynamic losds on the canopy are
greatest when the airplane is-epgrating at high speed with the
canopy clésed. Ab alXiittitude investigated the effect of opening
the canopy is to reduc h;iextern41~1ntcrnal prepuuru differential
and therefore, to reduce the exploding forces. Asyumetrical loading
13 ghown for numerous conditicns due to propeller operation end air-—
plane yaw bul is mosl extreme at pou1+1ve yaw attltudes with propeller -

operating. o . . . _ ﬁtﬁ 4
- - T b T . M
.. e o . ‘.’d
i
INTRODUCTION

The cccurrcence of canopy failures on Navy airplanesg in flight
has indicated that present load requirements used in the degign
of canoples and thelr components may not be adecguate. The current
load reguirements are based on wind-tunnel pressurs distridutionsn
obteined over a range of pitch and ysw attitudes with the canopy
closed and do not inclnde accurate measurement of Internal pressure
or the elfTects of cancypy opening. It 1s, therefore, desirable that
these foctors be investigated and tne criticil load oonditjﬁns be

Ag a result, & general investligetlon has been conducted at the
Langley laberatory of the Netional Advisory Comuittee for Aeronautics
to deternine the critical lead reguirements by means of cxternsl and
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internal pressure measuremente on airplapes employing three represonta-
tive types of canopies. The three types of cancpios sclected for the ,
tests were the convéntional single sllding canopy, conventional Tront

“and reor sliding cancpies, aud the bubble~type canopy which are

typified by the instullations on the Grumana FPEF--3, Curtiss SB2C-4E,
and Grumman FEF-1 airplancs, respectively.

As the first phase of the Investigation, tests have been mads
In the Langley full-scals tunncl to determine sxternal and internal
pressure distributions on ihe tlree types of canoples for an extel
Bive range of simulated flight conditions with canopy position
varied fram closed to full open.

.Thig roport presents the results obtained with the bubble~type

_capopy on the F3I--1 airplanc. Additlonal reporis-have bgen prepared
covering results for ithe conventional g¢ingle sliding canopy and the
- gonventional front and rear sliding canopiles (roferencea 1l and 2},

Alrplane

The Grumman FOF--1 airplane iz a low~ving, single-place fighter
airplane having a wing span of 35 feet 6 inches, a ving area of
ekl square feet, and 2 normal grosg weight of 9050 pounds. The alr—

planc 1s powered by a Prott & Whitney R-2800-C cngine having a
propoller to engine gear ratio of 0.45 to 1. The engine has a

nilitary power rating of 2100 horsepover at 2800 rpm at gea level.
The engine drives a 12-foot 7—inch four—blade Hamilton Standard

propeller having H 20C-162-11M5 bladés with an activity factor of

106.2.. A three-view draving glving the principal dimensions is
shown in figure 1. Figure 2 chows the alrplane mounted in the
Langley full-scale tunnel. -

The cockpit canopy on thisg airplane consists of a single-
piece rearvard sliding bubble~type Plexiglas canopy. Photographs
showing the canopy avrengement are presented in figure 3. The
canopy is equipped with emergency relecase mechanicm so arranged that
a1l pointg of attachment are released by pulling one center control.

- METHODS AND TESTS

.
Y

durface static préssurces over the exterior of the cockpit

. canopy wers measured by means of flush~typo etatic orifices installed

in nine lengitudinal rovs alonz the cancpy es shovn in figure k.
Static proscurcs at the inner surface of tho cenopy werc meaguvred

by means of six 1/16-inc static-pressure tubes installsd at locations
indicated in fisuve k. : I
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The external end internal presourez wero measured with propellicr
reroved and with propsller operating and with the conopy et in four
poaltions: wnruely, clowmed, 3 inches open, 1/2 cpen, and full open.
For ths prepeller-removed Lfst tho alrplone was got at angles of
attack corresponding to 117t cosfficlents of 0,10, 0,50, 0,87, and 1,18
es determined from forceebest dnta (Tig. 5). As force-test data were
not available Tor propeller-operating conditions, the engles of attack
selected Tor propeller-removed tests were also uned with propeller
opereting., The 1ift coefficients for the propeller-opcrating tests
were, therefore, slightly higher than the snrecified values, Torce
tests to determine the exact 11ft coefficients were not jJustified
inasmuch as previons tests (veferonces 1 end 2) hed shown that canopy
presgures were nolt appreciedbly affeocted by emsll variations of 1ift

LN

coeificilent »

With the propelleor removed, the tects Included measursments at
yewod attitudes of 0° and ~7.5° for the two low 1ift crefflcients,
end at yaws of -150, -~7,5¢, and 00 for tho high 1ift coefficlents.
Tects were not mede st the positive yaw attitudes with the prepeller
remeved ag tho cancpy 1 symmetrical and the preasures at pesltlve
yaw should mercly te in the opposite senss from thogo measgurcd at
nogative yaw, With the prepeller operabing, the power-off test
precedure vag repeated  and wag extended to include teets for the
same series of conditilons throughout the corresponding positive
yaw range, Thruat coefficients corresponding to constent military
power cperaticn In flight for each of the reospective Lift coefficionte
were dotermined from a flight curve of T, agalnst Cp calculated
fer ﬁea—levol cpnrmtlon with militnrv po"cr (fig. 5). ) ‘

- For all testp with the propeller oporating, the prepoller vas
ret et o cenptent blade engle of 18,10 moasured at the 0,75-radius
gtatien, All data were cbtained with cocliplt ventileters end cowl
flapg cloged, end with the tunnel oporating at an airspeod of approxi-
mately 60 miles por hour, '

SYMBOLS o . .

Cy, 1if% coefficient (
. \Q.ou/

- . m
T thrust ceoefficient —
| ¢ clen <DV§5§>

P pressure coefficient (-2-Lo

%o

L .. 1ift Torce, pounds
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T thrust, pounds

S § s

e, free-stream dynamic pressure, pounds per squere foot <
Pe mass density of ailr, slugs ver cubic Tool

P local static pressurc, pounds per square Toot

'po froé~stream static pressure, pounds per -square foot

S ving area, square feet
Y airspeed, feet per cecond ‘
. D propeller diameter, fest

Subscripte:
i " internal

e external
DISCUSSION OF RESULTS

The results of the external pressure measurcments are presentod

Vin figures 6 to 13 in the form of pressure-dictribution plots showing

the variation of the external pressure coefficient (gg:ﬁmj> at six
q

latoral sections through the canopy for all conditions igvestigated.
The average static—pressure coefficlents measured along ths inner
surface of the canopy are also shown on the respective figures for
each test conditicn. These internal pressure cocfficlents are averages
obtained from measurements made at six points on the inner surface
located as shovn in figure b, Average internal pressure coefficients
are shown Ilnasmuch as the coefficients were uniform at the cix points
of weasurement for all configurations inveatigated. The variation of
internal static-pressure coefficlont with yaw ic shown in figure b
for the complcte range of airplane attitudes toqtcd with canopy closed
and propeller operating.

Externzl Presasure Distributions

Zero yaw,—~ The recults of the tests made with the airnlanc at zero
yav attitude both with propeller removed and with propeller operating
are presented in fipures 6 dnd 7. With the propeller removed (fig. 6),
ths results show that the laterzl pressure ccefficient distridutions

U P
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arc ergonticlly symmetricel ot all stations for the complete range of
tert conditions, TFor tho low 117t ceofiicicent ranze (figs. 6{a) anmd
6(t)) peak nesztive prescure cocfTicicnts of approximetcly ~0,70 oxlst
on thu front 3 lateral stationg and dimindsh prog ressively for the more
rearvard stations, becoming slightly positive abt tho last station of
mcasurcm‘nt (stetion €). . For the high Lift-coelficient range

(£3ma. A(c) ond 3(d)), the choracterigtics of the pressuwre distributions
are eagmsontially unchanced although the megnltude of the peak negative
pressure cogfficlents increcascs greduvally with incroasing lift coef—
ficient, reaching peak velues esg high os -0,95 at Lhe top of the front
sechions as ghovn in fligure 5(a) C o

With propeller opercoting (7ig. 7), the pressure coefficilents
are appreclably higher due to the Increascd local velocity in tho
propeller slipotream, end the lateral distridution of pressure on the
caropy becomes quite asymmetrical at the higher thrust condition
due to slipestream rotation, " The results indicate thet dus to this
pressure asymmetry, side loads e¢xist” tending to Torce the front of

. the canopy toward the right and the rear toward the left, "As shown

by the figures, opening the canopy rcosults in more pronounced pressure
asymnotry at the front stations of the canopy but causes a definite
reduction in the magnitude of tho oxternal pressure coefvlcicnts.,

"Based on the oxternal-—internal pres: ufc'alfldrcntaaﬂ and approxlmate

flight dynemic pressures corregponding to the reérpective 1ift coef—
ficients, these resultyg indicate that the total nst exploding losd

‘on the canopy will be greatest when the airplanc is operating at high

speed with canopy closed, However, as the results show that increasing

~1ift coefficlent causes a slight increise in the external pressure cogf--
ficlent, & slightly greater load should be anticipated for a high'
.speed pull out than for the high-speed level flight condition, - Tt

should 2lso be noted that while local crushing loads are indicated for
some conditions they eppear to be small in comnarison to the crltical

Nenativp yav,—- Blrurea 8 ani 9 present the results of tests made
with propellor removed znd the alrplane at nogative yaw attitudes

(right wing advenced) of ~T7.5 and —15 degrees. The effect of nsgative
yew as indicated by these results is to produce asyrmetry in the
pressure distributions, The asymmolry is most vpronounced et the
front sections of tho canopy where the’ ”Tuﬁt@;t nerative pressure
coeific4ents occur on the slde toward the retarded wing, vhereas for
the ihvef rear ot ations the asyrmetry 1g less. pLonounced with aighest
negative pressures on. tho side toward the ndV¢n01ng ving. '

As compared to propellor-removed results at zero yav (rig, 6)
it le seen that in eddition to the prosgurc asymmetry produced by yew,

. the ﬁﬁcn¢tudo of the peak necative pre usurc Tor a glven 1if't coofficlent
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is alpo increaeed as the yaw angle *ncvcascd. With propnllﬂr operating
(figs, 1C and 21) the recults phow thut the pressure asymmelry is
reduced inasmuoch as the slipstrean rﬁ,¢t10n tends Lo opnose the angle
of ilow ovor the canopy induced by necative yaw, As previously noted
et zero yay the magiitude of the prosgsure coofllcients are appreciebly
‘incressed-at the higher thrugt coefticientsy due Lo the Incressed
plipstream velocity over the canopy. Throughout the renge of negetive

“yaw anzles, opening the canopry inoro*sns {he asymmotrr of distribution

et the front canopy stabions but cauges a general reduction in tho
megnitude of the pressure coofficients over the complete canopy. The
results indicate thet the canopy net loads will bo nost critical with
canopy closed through the negative yaw range insegmuch a8 the difforen—
tial external-Internal pvcssuro coefficlent decreases rapidly when

the canopv is opcnnd

PO%iije vmv - The results of tho teste made at pogitive yew

tfltudes {right wing retarded) with the propeller operating are
pregented in figures 12 and 13. Trom these Ffigures it ip seen that

&t posltive yaw attlitudes the asymmetry of flow over the canopy due
to ﬁéw combines with the flov deymmetry and increased local velocities
of the propeller slipstroem so that for any given 1ift ccefilcient the
“leteral asyrmetry of presnure beccomes very plonuunc~d and the magnitude
of he peak negative pressure coeffloienbs 1ncr ago appreclably as posi~
tive yaw io inorcaQOd : - .

, Theoa results Lhoreioro indicate Lnat ‘the canopy ]oad encounvered
at pos;tive yaw. attltudc v111 bYe much more extreme than the loads
inﬁicatcd for corres pondlng attitudes (Sdme CL and T ) at either zero

or negative yaw,.: As anV1ouslv noted for zero and negative yaw attitudes
opening the canopy has the geﬁeral cffect of decreasing tho external
presaure’ coefTicients a though the asymmetry of presgsure distribution
bocomes more pronounced at. the front sections, Based on the diffcrontial
oxternal~internal pressurc coefficients the resultsg indicete that the
Freaunqt net loods will xist at all attitudos.w;bh canopy complotely
~closed, - . L ) ' - ‘ o

) .
.

Tntcrnal SL tic ?reééUres

Static provsura coe»ilcients msaﬁured et the inner. su“iace of
the cznopy arve shown in conjunetion with the cxternal pregsure distri-
butlons presented in figzwies 6 to 13 for the complete range of test
conditions, TIn addition, fizure 1% is.presentod to swmnarize the
variation of internal pressure ccefficient with yew angle Tor tho
ranse of alrplane sttitudes investipgated with uhb canopy closed end
propéller operating, ~Ag showm by the results the hichest internal
necative pressurc coofficiénts occur vhen the cindpy is opon 3 inches

¢ the least negatlve presgire cooff¢010nuuhoccur with cancpy cloaed,
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Tor the zero yav attitude with propeller opevating,the internal
preseure coefficients with canopy closed veriod from O for Cy = 1.18
to =0,07 for Cp, = 0,10 whercas with the cancpy open 3 inchea the
pregsure cosfiiclents ranged From ~1.02 to -0.5h for the game 11t
coefTicients of 1.13 and 0,10, respectively, ¥rom Iigure 1k it is
geen that for the canopyr-cloged condition the internal prossure
coefficients remained approximately constent throughout the range of
neaative yaw attitudss but became increasingly negative as yaw
increescd through the positive range,

CONCLUDTNG REMARES

Tho resuits of the investigalion of pressure distributions on
the bubble type single place canopy which wan typifiled by the installa—
tion cn the Gruomman FAP--1 airplane phow that: -

1, The net exploding forces on the canopy will be greatest when
the airplane is operating at high gpeed with canopy closed,

o, For all conditlons the net canopy load will be in &an
exploding direction, : ‘

3. At all attitudes investipgated, partially opening the canopy
reduces the external nogative pressure coefiicients and Incroascs the
internal negative pressure coefficlents thus reduclng the net exploding
loads. ' :

4. Yawing the airplane increases the magnitude of the peak
negative pressure coefficients and results in an asymetrical latoral
distribution of pressure which becomes more pronownced with increasing
Y&W . -

5, The high axisl velocities end rotation of the slipstream at
high thrust conditions also increage the meronitude of the preesure
cosfficients and produce asymetry in the distribution of pressure,

The offccts of propellcr operation are most proncunced at positive
yavw attitudes as the flow asymmotry due to clockwise slipstream rotation
combines with the flow asymuctry due to positive yaw,
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6. Increasing the 1ift cosfficicnt causes a slight increaso In
the magnitude of the cxternsl preseure coofficients.

Langley Memorisl Aevonauticel Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va, -
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Figure 3.- Photographs showing the general arrangement of the bubble-
type canopy on the F8F -1 airplane,
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Fig. 6b
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